Introduction
============

Despite the anticarcinogenic effects of omega (n)-3 fatty acids, especially long-chain polyunsaturated fatty acids (PUFAs), demonstrated in animal studies \[[@b1-crt-2019-550]\], epidemiological studies have not shown consistent results to support their protective effect on cancers. Meta-analyses of prospective studies show no overall association between n-3 fatty acid intake and colorectal cancer \[[@b2-crt-2019-550],[@b3-crt-2019-550]\] and marginally significant inverse association between fish intake, which is the most important dietary source of n-3 fatty acids, and colorectal cancer risk \[[@b3-crt-2019-550],[@b4-crt-2019-550]\]. However, it is noteworthy that the protective effect of marine n-3 PUFAs is more prominent when the study population is followed for longer periods \[[@b4-crt-2019-550]\]. Although not significant, a nonlinear inverse dose-response association was observed at up to 1 g/day of murine n-3 PUFA intake \[[@b2-crt-2019-550],[@b3-crt-2019-550]\]. In addition, the association differs by sex and anatomical subsites of colorectal cancer \[[@b5-crt-2019-550]\].

One previous study from the Swedish Mammography Cohort, which used similar methods to measure dietary fatty acids, showed no association between fatty acid intake and colorectal cancer risk during up to 11 years of follow-up \[[@b6-crt-2019-550]\]. Here, we utilized the Swedish Women's Lifestyle and Health (WLH) cohort, which consisted of women aged 29-49 and followed for more than 20 years, to clarify the potential beneficial effect of n-3 PUFAs on colorectal cancer risk. The primary study objective was to examine the association between the dietary intake of fish-derived n-3 PUFAs (eicosapentaenoic acid and docosahexaenoic acid \[DHA\]) and the risk of colorectal cancer in the WLH cohort. Additionally, we also included total n-3 and n-6 fatty acid intake. Possible differences in the association by colorectal cancer subsites were addressed.

Materials and Methods
=====================

1. Study population
-------------------

The study population included participants in the Swedish WLH cohort (<https://ki.se/en/meb/womens-lifestyle-andhealth>) that answered the baseline (1991-1992) questionnaire \[[@b7-crt-2019-550]\].

Among 49,258 participants, those who were diagnosed with colorectal cancer before enrollment (n=15), who emigrated without reimmigration (n=34), and who were outside the 1st and 99th percentiles of energy intake (n=986) were excluded. Finally, 48,233 participants were included in the analysis.

Dietary habits were collected through a validated food-frequency questionnaire (FFQ) that covered 80 food items and beverages. The detailed method used to estimate the dietary intake of n-3/n-6 fatty acids and total calories was described in a previous study \[[@b8-crt-2019-550]\]. Information on demographic and lifestyle factors, weight, and height was also collected from a self-administered questionnaire \[[@b7-crt-2019-550]\].

Colorectal cancer incidence was ascertained from the Swedish Cancer Register by using the International Classification of Diseases, 9th revision (ICD-9) codes 153 and 154.

The dietary intake of n-3/n-6 fatty acids was categorized into quartiles (lowest 25%, 25-50%, 50-75%, and highest 25%). Potential confounders were selected based on a previous study \[[@b9-crt-2019-550]\]. Potential confounders were categorized as follows, as in previous publications describing this cohort \[[@b9-crt-2019-550],[@b10-crt-2019-550]\]: body mass index (kg/m^2^; \< 25, 25-30, ≥ 30, or missing), education (years; ≤ 10, 11-13, or \> 13), smoking history (never or ever), and alcohol intake (g/day; \< 5, 5-25, ≥ 25). Due to the relatively high percentage of missing data, the intake frequency of meat (n=13,088) and sausage (n=19,030) were not considered in the multivariate analysis. Although physical activity is an important protective factor for colorectal cancer, the questionnaire item for physical activity only addressed subjective activity level rather than frequency or intensity; therefore, we did not include this variable as a confounder.

2. Statistical analysis
-----------------------

Cox proportional hazard regression models were fitted to the data with attained age as the time scale \[[@b11-crt-2019-550]\]. Participants were censored when any of the following events occurred after entry into the cohort: colorectal cancer, death, emigration or 31 December 2012. The hazard ratios (HRs) of cancer were estimated by calculating the HRs from the Cox regression models. We calculated the HR of colorectal cancer for each of the three quantiles of exposure to n-3/n-6 fatty acids by using the lowest quartile as a reference and intake level as a continuous variable. Energy adjustment was performed by the residual method. The p-trend was estimated by using the order of the quartile groups. The proportional hazards assumption was checked by graphs of scaled Schoenfeldt residuals versus time. The analyses for colon cancer and rectal cancer were conducted separately.

All tests of statistical hypotheses were done on the 2-sided 5% level of significance corresponding to the use of two-sided 95% confidence intervals (CIs). No adjustment for multiple statistical tests was performed.

3. Ethical statement
--------------------

All participants provided an informed consent to participate in the study and the study was approved by the Regional Ethics Committee in Uppsala and the Regional Ethics Committee at Karolinska Institutet, Stockholm (Dnr: 210-93, 1993; Dnr: 02-541, 2002).

Results
=======

During a median of 21.3 years of follow-up, a total of 334 colorectal cancer cases were ascertained. Among them, 201 were colon cancer and 133 were rectal cancer. When the participants were categorized by total n-3 intake levels, the four groups showed differences in the distribution of age at enrollment, body mass index, smoking habits, alcohol intake amount, and total energy intake ([Table 1](#t1-crt-2019-550){ref-type="table"}). The quartile categories of n-3 and n-6 fatty acid intake are provided in [Table 2](#t2-crt-2019-550){ref-type="table"}. Fish-derived n-3 contributed to approximately 17% of the total n-3 fatty acid intake.

[Table 3](#t3-crt-2019-550){ref-type="table"} shows the association between n-3/n-6 intake and colorectal cancer risk. There were no statistically significant associations between n-3 fatty acid intake and colorectal cancer risk. However, a high intake of n-6 fatty acids, especially linoleic acid, showed an increased risk for colorectal cancer (HR for the highest quartile, 1.40 \[95% CI, 1.02 to 1.92\]; p-trend=0.038). Stratified by anatomical subsites, the statistically significant association persisted only for rectal cancer. In addition, a high intake of fish-derived DHA intake was associated with a reduced risk of rectal cancer (HR for the third and highest quartiles compared to the lowest quantile, 0.59 \[95% CI, 0.37 to 0.96\] and 0.62 \[95% CI, 0.39 to 0.98\], respectively). All the models fit the proportional hazard assumption.

Discussion
==========

In a large population-based cohort, we found little support for an association between fish-derived n-3 PUFAs and colorectal cancer.

Fish are the main dietary source of long-chain n-3 fatty acids, which have been suggested to play a protective role in colorectal cancer development. Although some studies have demonstrated an inverse relationship between fish consumption and colorectal cancer \[[@b4-crt-2019-550],[@b12-crt-2019-550],[@b13-crt-2019-550]\], others have not found a clear association \[[@b14-crt-2019-550]-[@b16-crt-2019-550]\]. In line with previous meta-analyses and pooled analyses that did not find an inverse association between fish intake and colorectal cancer risk \[[@b17-crt-2019-550],[@b18-crt-2019-550]\], a comprehensive review by the World Cancer Research Fund concluded that the association between fish and colorectal cancer is "limited-suggestive" \[[@b3-crt-2019-550]\]. In a recent study from the European Prospective Investigation into Cancer and Nutrition (EPIC) cohorts, the total intakes of fish, fatty fish and lean fish were associated with a reduced risk for colorectal cancer \[[@b19-crt-2019-550]\].

Previous studies applying subgroup analysis for subsites of colorectal cancer did not find a clear difference in the risk by subsites, although the pooled HR of fish intake for rectal cancer was slightly lower than the pooled HR for colon cancer (HR per 100 g/day increment: 0.84 \[95% CI, 0.69 to 1.02\] for rectal cancer and 0.91 \[95% CI, 0.80 to 1.03\] for colon cancer) \[[@b3-crt-2019-550]\]. It has been suggested that subsites of colorectal cancer show different risk factor profiles due to differences in embryological origins, physiological function, fecal composition, bile acid metabolism, intestinal transit time, and metabolizing enzyme activity \[[@b20-crt-2019-550]\]. In our study, fish-derived omega-3 intake was associated with a reduced risk for rectal cancer in the highest intake group. Different susceptibilities to fish oil intake could be explained by more fermentation reactions in the proximal colon and higher concentrations of N-nitroso compounds exposure markers, e.g., 6-O-methyldeoxyguanosine in the distal colon \[[@b2-crt-2019-550]\]. In addition, a recent microbiome study suggested that supplementation with krill oil resulted in differential effects on the microbial community at different gut locations in mice \[[@b21-crt-2019-550]\].

A variety of experimental studies and different clinical trials have substantiated the beneficial role of omega-3 PUFAs in preventing the pathogenesis of colorectal cancers \[[@b1-crt-2019-550]\]. Antineoplastic activity has been related to the regulatory effects exhibited by omega-3 PUFAs on cell proliferation and apoptosis \[[@b22-crt-2019-550]\]. Antiangiogenic and antimetastatic effects have also been reported for these fatty acids \[[@b22-crt-2019-550]\]. Other suggested mechanisms include the suppression of arachidonic acid-derived eicosanoid biosynthesis, which is related to altered immune response to cancer cells and inflammation, alteration of estrogen metabolism, and altering the production of free radicals and reactive oxygen species \[[@b1-crt-2019-550]\]. Finally, it has been suggested that omega-3 PUFAs may act as adjuvant therapeutic agents that sensitize tumors, including colon cancer, to different antineoplastic drugs \[[@b23-crt-2019-550],[@b24-crt-2019-550]\].

High intake of linoleic acid showed an increased risk for colorectal cancer in the current study. Although animal models suggest that n-6 fatty acids promote colorectal cancer \[[@b1-crt-2019-550]\], epidemiological evidence has not shown a conclusive association \[[@b1-crt-2019-550],[@b5-crt-2019-550]\]. Therefore, the potential elevated risk of colorectal cancer among individuals with a high intake of n-6 fatty acids needs to be further elucidated in other prospective studies.

The major strengths of our study include the completeness of the follow-up in a large population-based sample and the relatively longer follow-up periods than other prospective studies, which allows us to assess the long-term effect of diet on cancer risk. However, the limitations of the current study include a lack of detailed information on fish cooking methods, fish oil supplementation use, and oils used for cooking and a lack of repeated measures of exposure, which could have resulted in residual confounding. Although information on the frequency of fish oil supplements and fried fish consumption was available, these variables could not be included as potential confounding variables due to the high proportion of missing data. Additionally, important protective factors, such as anti-inflammatory drug use and physical activity, could not be considered.

We cannot rule out that our results were due to chance alone. We observed two statistically significant results in our primary analyses consisting of 27 statistical tests; 1.35 could be expected by chance alone. The intake levels of fatty acids were approximately 50% of the Swedish national data from the National Food Administration \[[@b25-crt-2019-550]\]. These differences could result from the different dietary assessment methods, e.g., an FFQ was used for our study, whereas a dietary record was used for the national data. However, the underestimation of the intake levels is more likely to be nondifferential and therefore less likely to affect the results of the current study. In addition, the intake levels of our study are comparable with those of other Swedish studies \[[@b26-crt-2019-550]\] and the EPIC study \[[@b19-crt-2019-550]\], which used an FFQ for dietary assessment.

In conclusion, we did not find strong evidence that a high intake of fish-derived long-chain PUFAs may reduce the risk of colorectal cancer among Swedish women, although a marginally significant reduced risk for rectal cancer was observed.
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###### 

Characteristics of study population by omega-3 intake quartile at baseline

  Characteristic                  Entire cohort participants   Energy-adjusted omega-3 intake quartile (g/day)   p-value                                                     
  ------------------------------- ---------------------------- ------------------------------------------------- -------------- -------------- -------------- -------------- ----------
  **No. of participants**         48,223                       12,056                                            12,055         12,056         12,056                        
  **Age at enrollment (yr)**      39.7±5.7                     38.2±5.7                                          39.0±5.7       40.1±5.7       41.4±5.5       \< 0.001       
  **Body mass index (kg/m^2^)**                                                                                                                                              
                                  \< 25                        33,639 (69.8)                                     8,391 (69.6)   8,611 (71.4)   8,521 (70.7)   8,116 (67.3)   \< 0.001
                                  25-29                        10,098 (20.9)                                     2,484 (20.6)   2,393 (19.9)   2,525 (20.9)   2,696 (22.4)   
                                  ≥ 30                         2,675 (5.5)                                       677 (5.6)      649 (5.4)      610 (5.1)      739 (6.1)      
                                  Missing                      1,811 (3.8)                                       504 (4.2)      402 (3.3)      400 (3.3)      505 (4.2)      
  **Education (yr)**                                                                                                                                                         
                                  ≤ 10                         14,129 (29.3)                                     3,111 (25.8)   3,200 (26.5)   3,575 (29.7)   4,243 (35.2)   \< 0.001
                                  11-13                        18,513 (38.4)                                     4,843 (40.2)   4,805 (39.9)   4,552 (37.8)   4,313 (35.8)   
                                  \> 13                        14,639 (30.4)                                     3,901 (32.4)   3,831 (31.8)   3,693 (30.6)   3,214 (26.7)   
                                  Missing                      942 (2.0)                                         201 (1.7)      219 (1.8)      236 (2.0)      286 (2.4)      
  **Smoking**                                                                                                                                                                
                                  Never                        19,525 (40.5)                                     5,001 (41.5)   5,018 (41.6)   5,061 (42.0)   4,445 (36.9)   \< 0.001
                                  Ever                         28,550 (59.2)                                     7,019 (58.2)   7,013 (58.2)   6,963 (57.8)   7,555 (62.7)   
                                  Missing                      148 (0.3)                                         36 (0.3)       24 (0.2)       32 (0.3)       56 (0.5)       
  **Alcohol intake (g/day)**                                                                                                                                                 
                                  \< 5                         36,192 (75.1)                                     9,116 (75.6)   8,969 (74.4)   9,060 (75.1)   9,047 (75.0)   \< 0.001
                                  5-25                         11,822 (24.5)                                     2,852 (23.7)   3,029 (25.1)   2,956 (24.5)   2,985 (24.8)   
                                  ≥ 25                         209 (0.4)                                         88 (0.7)       57 (0.5)       40 (0.3)       24 (0.2)       
  **Energy intake (kcal/day)**    1,555±452                    1,738±462                                         1,666±416      1,538±390      1,280±396      \< 0.001       
  **Colorectal cancer cases**     334                          60                                                90             84             100                           
  **Follow-up (yr)**              21.1±0.7                     21.1±0.6                                          21.1±0.7       21.1±0.6       21.1±0.8                      
  **Cumulative follow-up (yr)**   1,018,700.7                  254,665.6                                         254,589.0      254,826.5      254,619.6                     

Values are presented as mean±standard deviation or number (%). p-values were calculated by chi-square test for categorical variables and ANOVA for continuous variables.

###### 

Quartile distribution of omega-3 and -6 fatty acid of study population (g/day)

  Type                     Quartile 1 (lowest 25%)    Quartile 2 (25th to 50th percentile)   Quartile 3 (50th to 75th percentile)   Quartile 4 (highest 25%)   
  ------------------------ -------------------------- -------------------------------------- -------------------------------------- -------------------------- ---------------
  **Omega-3 fatty acid**   0.12 to \< 1.08            1.08 to \< 1.29                        1.29 to \< 1.57                        1.57 to 22.66              
                           Alpha-linolenic acid       0.12 to \< 0.84                        0.84 to \< 0.98                        0.98 to \< 1.16            1.16 to 4.47
                           Docosapentaenoic acid      0 to \< 0.02                           0.02 to \< 0.03                        0.03 to \< 0.05            0.05 to 1.34
                           Fish oil-derived omega-3   0 to \< 0.12                           0.12 to \< 0.22                        0.22 to \< 0.39            0.39 to 18.32
                           Eicosapentaenoic acid      0 to \< 0.03                           0.03 to \< 0.07                        0.07 to \< 0.13            0.13 to 9.19
                           Docosahexaenoic acid       0 to \< 0.09                           0.09 to \< 0.16                        0.16 to \< 0.27            0.27 to 11.28
  **Omega-6 fatty acid**   0.55 to \< 4.32            4.32 to \< 4.86                        4.86 to \< 5.45                        5.45 to 13.95              
                           Linoleic acid              0.55 to \< 4.23                        4.23 to \< 4.77                        4.77 to \< 5.34            5.34 to 13.95
                           Arachidonic acid           0 to \< 0.05                           0.05 to \< 0.08                        0.08 to \< 0.12            0.12 to 1.49

###### 

Adjusted hazard ratios and 95% confidence intervals for colorectal cancer risk by omega-3 and -6 fatty acid intake levels

  Type of polyunsaturated fatty acid   Quartile 1 (lowest 25%)   Quartile 2 (25th to 50th percentile)   Quartile 3 (50th to 75th percentile)   Quartile 4 (highest 25%)   p for trend^[a)](#tfn1-crt-2019-550){ref-type="table-fn"}^   HR per an 1 g/day increment                      
  ------------------------------------ ------------------------- -------------------------------------- -------------------------------------- -------------------------- ------------------------------------------------------------ ----------------------------- ------------------ -------------------
  **Colorectum**                                                                                                                                                                                                                                                                        
                                       Omega-3 fatty acid        Reference                              1.38 (0.99-1.91)                       1.15 (0.83-1.61)           1.21 (0.88-1.67)                                             0.558                         0.99 (0.82-1.19)   
                                                                 Alpha-linolenic acid                   Reference                              0.94 (0.67-1.30)           1.29 (0.95-1.75)                                             1.17 (0.86-1.59)              0.112              1.30 (0.90-1.86)
                                                                 Docosapentaenoic acid                  Reference                              1.02 (0.75-1.38)           0.73 (0.53-1.01)                                             0.96 (0.71-1.29)              0.420              0.29 (0.02-4.42)
                                                                 Fish oil-derived omega-3               Reference                              1.01 (0.73-1.38)           0.81 (0.59-1.12)                                             0.97 (0.72-1.32)              0.606              0.88 (0.65-1.17)
                                                                 Eicosapentaenoic acid                  Reference                              0.89 (0.65-1.22)           0.70 (0.50-0.96)                                             0.92 (0.69-1.24)              0.436              0.76 (0.38-1.50)
                                                                 Docosahexaenoic acid                   Reference                              0.91 (0.66-1.24)           0.79 (0.58-1.09)                                             0.91 (0.67-1.22)              0.431              0.79 (0.50-1.25)
                                       Omega-6 fatty acid        Reference                              1.25 (0.90-1.72)                       1.30 (0.94-1.78)           1.37 (1.00-1.87)                                             0.056                         1.13 (1.01-1.26)   
                                                                 Linoleic acid                          Reference                              1.28 (0.93-1.77)           1.37 (0.99-1.88)                                             1.40 (1.02-1.92)              0.038              1.14 (1.02-1.27)
                                                                 Arachidonic acid                       Reference                              0.84 (0.62-1.14)           0.85 (0.63-1.15)                                             0.79 (0.58-1.07)              0.161              0.28 (0.05-1.48)
  **Colon**                                                                                                                                                                                                                                                                             
                                       Omega-3 fatty acid        Reference                              1.33 (0.88-2.02)                       1.03 (0.67-1.58)           1.18 (0.79-1.78)                                             0.757                         0.94 (0.73-1.22)   
                                                                 Alpha-linolenic acid                   Reference                              0.86 (0.57-1.29)           1.13 (0.77-1.65)                                             0.96 (0.65-1.41)              0.833              1.04 (0.64-1.69)
                                                                 Docosapentaenoic acid                  Reference                              1.06 (0.72-1.57)           0.76 (0.50-1.16)                                             0.95 (0.64-1.40)              0.470              0.16 (0.004-6.35)
                                                                 Fish oil-derived omega-3               Reference                              1.13 (0.74-1.72)           0.98 (0.64-1.51)                                             1.25 (0.84-1.87)              0.354              0.91 (0.63-1.30)
                                                                 Eicosapentaenoic acid                  Reference                              0.89 (0.59-1.35)           0.77 (0.51-1.18)                                             1.11 (0.76-1.62)              0.608              0.82 (0.35-1.92)
                                                                 Docosahexaenoic acid                   Reference                              1.10 (0.72-1.68)           0.98 (0.64-1.50)                                             1.19 (0.80-1.78)              0.481              0.83 (0.47-1.48)
                                       Omega-6 fatty acid        Reference                              1.19 (0.80-1.76)                       1.08 (0.73-1.62)           1.09 (0.73-1.62)                                             0.823                         1.02 (0.88-1.18)   
                                                                 Linoleic acid                          Reference                              1.16 (0.78-1.72)           1.16 (0.78-1.73)                                             1.08 (0.73-1.62)              0.708              1.03 (0.88-1.19)
                                                                 Arachidonic acid                       Reference                              0.81 (0.55-1.20)           0.79 (0.54-1.17)                                             0.79 (0.54-1.17)              0.251              0.13 (0.01-1.30)
  **Rectum**                                                                                                                                                                                                                                                                            
                                       Omega-3 fatty acid        Reference                              1.46 (0.85-2.48)                       1.36 (0.80-2.30)           1.25 (0.74-2.12)                                             0.589                         1.04 (0.81-1.34)   
                                                                 Alpha-linolenic acid                   Reference                              1.10 (0.63-1.92)           1.62 (0.98-2.69)                                             1.61 (0.98-2.66)              0.025              1.73 (1.02-2.93)
                                                                 Docosapentaenoic acid                  Reference                              0.94 (0.58-1.54)           0.68 (0.40-1.14)                                             0.97 (0.61-1.55)              0.694              0.65 (0.01-33.63)
                                                                 Fish oil-derived omega-3               Reference                              0.88 (0.55-1.40)           0.62 (0.38-1.03)                                             0.67 (0.42-1.08)              0.050              0.83 (0.51-1.34)
                                                                 Eicosapentaenoic acid                  Reference                              0.89 (0.56-1.43)           0.60 (0.37-1.00)                                             0.69 (0.43-1.11)              0.062              0.66 (0.21-2.09)
                                                                 Docosahexaenoic acid                   Reference                              0.71 (0.44-1.15)           0.59 (0.37-0.96)                                             0.62 (0.39-0.98)              0.035              0.73 (0.34-1.55)
                                       Omega-6 fatty acid        Reference                              1.38 (0.79-2.42)                       1.77 (1.03-3.01)           1.98 (1.17-3.32)                                             0.006                         1.29 (1.10-1.52)   
                                                                 Linoleic acid                          Reference                              1.57 (0.90-2.76)           1.83 (1.06-3.16)                                             2.11 (1.25-3.59)              0.005              1.30 (1.11-1.53)
                                                                 Arachidonic acid                       Reference                              0.89 (0.55-1.46)           0.95 (0.59-1.53)                                             0.79 (0.49-1.29)              0.418              0.73 (0.07-7.81)

Hazard ratios (HRs) are adjusted for body mass index (kg/m^2^; \< 25, 25-30, ≥ 30, or missing), education (years; ≤ 10, 11-13, or \> 13), smoking history (never or ever), and alcohol intake (g/day; \< 5, 5-25, ≥ 25). Total caloric intake was adjusted by the residual method.

p-trend was estimated by using the order of the quartile groups.
